Abstract: I ntroduction: We aimed to investigate the possible protective effects of ellagic acid (EA) on the liver and remote organs against the hepatic ischemia-reperfusion injury. Methods: Forty Wistar-Albino rats were divided into four groups each containing 10 rats. Group I with laparotomy only, Group II with laparatomy and ellagic acid application, Group III with hepatic ischemia-reperfusion and Group IV with hepatic ischemia-reperfusion and ellagic acid application. Hepatic ischemia was induced by pringle's manoeuvre for 3 0 minutes followed by 30 minutes reperfusion period. After induction of ischemia, EA was applied via oral gavage at a dose of 85 mg/kg. Blood samples were taken from the animals for biochemical analysis at 60 th minute of the experiment in all groups. Simultaneously, liver, lung and kidney tissues were sampled for biochemical analyses and histopathological examinations. Results: The administration of EA reduced serum malonyldialdehid levels (p<0.05) and liver's oxidative stress index compared with the non-use EA groups (p<0.05). Although, ameliorated liver histopathological changes were seen in EA groups, these changes were not statistically signifi cant (p>0.05). The use of EA did not exert signifi cant protective effects against the effects of liver ischemia-reperfusion injury on the kidney and lung. Conclusion: I n our experiments ellagic acid reduced the liver oxidative stress induced by ischemia-reperfusion injury. However, no signifi cant histological improvement was found with EA. There were no signifi cant protective effects on the remote organ injuries induced by Fig. 7, Ref. 37). Full Text in PDF www.elis.sk.
The intermittent portal triad clamping technique called Pringle's manoeuvre is an effective procedure for control of blood loss from the hepatic parenchyma during hepatic surgery. However, occlusion of hepatic blood fl ow, depending on the process, leads to hepatic ischemia reperfusion (IR) injury (1) . Hepatic IR injury also may occur due to trauma, sepsis and liver transplantation (2) . The lack of oxygenation of the liver leads to serious damage in the liver during ischemia. However, the actual damage is created by reactive oxygen species (ROS) during reperfusion period (3) . Reactive oxygen species may initiate oxidative stress by causing lipid peroxidation (4) and ROS cause infl ammatory response and tissue damage by activating some mediators. Also, ROS directly leads to harmful effects on the cell components (2) . Therefore, scavengers of ROS and antioxidant substances are thought to be benefi cial in hepatic ischemia reperfusion injury (3) .
Flavonoids are polyphenolic antioxidants and naturally found in vegetables and fruits (5) . It has been reported that plant based polyphenolic compounds have anti-infl ammatory, antimutagenic, anticarcinogenic, and antiviral activity (6) . Ellagic acid (EA) is a phenolic component of some fruits and nuts, such as raspberries, strawberries, mango kernel, longan seed, walnuts and pomegranate (5) . EA indicates antioxidant effect by preventing lipid peroxidation and protects the cells from oxidative damage (6) . It has been reported that EA alters enzyme activities such as glutathione peroxidase, catalase, quinone reductase and glutathione-S-transferase (7) . EA shows a strong antioxidant activity with it's directantioxidant activity and reduction of the ROS induced depletion of glutathione peroxidase and catalase activities (5) .
In this paper, we aimed to investigate the protective effects of EA on the liver and remote organs against the hepatic IR injury. We analyzed the alterations in the oxidant and antioxidant status by measuring total antioxidant capacity (TAC), malonyldialdehid (MDA) in the plasma and TAC, total oxidant activity (TOA) and oxidative stress index (OSI) in the liver, kidney and lung. We also examined histopathological changes in the liver, kidney and lung.
Materials and methods

Experimental animals
Forty male Wistar albino rats with mean weight of 250 to 300 grams were included into study at Dicle University Health Sciences Application and Research Center. The study protocol was approved by the Committee of Experimental Animals of Dicle University. All experimental procedures complied with the Guide for the Care and Use of Laboratory Animals. Rats were housed in an air-conditioned room with 12 h light and dark cycles, with constant temperature (22 ± 2 °C). The rats were housed in cages, and allowed free access to standard rat chow and water before the experiments. The animals were fasted overnight before the experiments, but were enabled free access to water.
Experimental protocol
Rats were anesthetized with 50 mg/kg ketamine hydrochloride (Ketalar ®, Parke Davis, Eczacibasi, Istanbul, Turkey) and 10 mg kg xylazine (Rompun ®, Bayer AG, Leverkusen, Germany) via intramuscular injection and experimental procedure was initiated. A 10 % povidone iodine solution (Betadine ®) was applied for shaved skin cleansing. A midline incision was performed and rats underwent either sham surgery or ischemia-reperfusion. Ischemia was induced with Pringle's manoeuvre and sustained for 30 minutes. Thirty minutes later, the ischemic liver was reperfused for 30 minutes. At the end of this period the animals were sacrifi ced by taking blood from the heart. Animals were divided into four groups; Group 1 (Sham): Only hepatoduedonal ligament dissection was performed and no drug was given.
Group 2 (Control): Hepatoduedonal ligament dissection was performed and EA was given at a dose of 85mg/kg via oral gavage (according to Tmax), at the beginning of the experimental study (8) , Group 3 (IR): Thirty minutes after Pringle maneuver, reperfusion was constituted 30 minutes and no drug was given.
Group 4 (IR+EA): Thirty minutes after Pringle maneuver, reperfusion was generated for 30 minutes and EA was given at a dose of 85mg/kg via oral gavage (according to Tmax), after initiation of hepatic ishemia (8) .
At the end of the procedures, blood and tissue samples from the liver, lung and kidney were obtained for biochemical analyses and histopathological examinations. Serum was obtained from blood centrifugation and rapidly transferred to plastic ependorf covered tubes for biochemical analyses and stored at -80 °C in deep freezer. Taken tissues were prepared for biochemical analyses, foreign tissue residues and blood were removed by washing with saline and thereafter tissues were transferred to plastic tubes with ependorf cover for biochemical analyses, stored at -80 °C in a freezer. In addition, the tissues taken for histopathological evaluation were put into plastic containerswith 10 % formaldehyde solution.
Biochemical analyses
Total antioxidant capacity (TAC) and malondialdehyde (MDA) analyses were performed in blood samples. Total oxidant status (TOA) and TAC analysis were performed in tissue samples. In addition, oxidative stress index (OSI) was calculated in tissue samples.
Homogenization of tissues:
Tissues stored at -80 °C were removed on the deep freezer and brought to the laboratory in dry ice. About 0.30 to 0.50 grams of tissue pieces were transferred into the tube and 2 ml of Tris-HCl buffer were added. Tissues in the tube were placed into ice-fi lled plastic container and processed in the 50 mM pH 7.0 phosphate buffer (PBS) for 1-3 minutes on 14,000 rpm at homogenizer (Ultra Turrax Type T8, IKA Labortechnic, Germany). Homogenate was centrifuged for 30 minutes at +40 °C. Samples were obtained from supernatant for TOA and TAC analysis.
Measurement of malondialdehyde
MDA levels were estimated by the double heating method of Draper and Hadley (9) . The principle of the method is spectrophotometric measurement of the color generated by the reaction of thiobarbituric acid (TBA) with MDA. For this purpose, 2.5 ml of trichloroacetic acid solution (10 %) was added to 0.5 ml plasma in each centrifuge tube, and the tubes were placed in a boiling water bath for 15 min. After cooling in tap water, the tubes were centrifuged at 1000g for 10 min, and 2 ml of supernatant were added to 1 ml of TBA solution (6.7 g/L) in a test tube, and the tube was placed in a boiling water bath for 15 min. The solution was then cooled in tap water and its absorbance was measured using a spectrophotometer (Shimadzu UV-1208, Japan) at 532 nm. The concentration of MDA was calculated by the absorbance coeffi cient of the MDA-TBA complex (absorbance coeffi cient of 1.56x105 cm -1 M -1 ) and is expressed as μmol/L.
Measurement of TOA
TOA of supernatant fractions was determined using a novel automated measurement method, developed by Erel (10) . Oxidants present in the sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. The oxidation reaction is enhanced by glycerol molecules, which are abundantly present in the reaction medium. The ferric ion makes a colored complex with xylenol orange in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidized molecules present in the sample. The assay is calibrated with hydrogen peroxide and the results are expressed in nmol H 2 O 2 Equiv./mg protein.
Measurement of the TAC
TAC of supernatant fractions was determined using a novel automated measurement method developed by Erel (10, 11) . In this method, hydroxyl radical, which is the most potent biological radical, is produced. In the assay, ferrous ion solution, which is present in Reagent 1, is mixed with hydrogen peroxide, which is present in Reagent 2. The sequentially produced radicals such as brown colored dianisidinyl radical cation, produced by the hydroxyl radical, are also potent radicals. Using this method, antioxidative effect of the sample against the potent-free radical reactions, which is initiated by the produced hydroxyl radical, is measured. The assay has excellent precision values, lower than 3 %. The results are expressed as nmol Trolox Equiv./mg protein.
Oxidative stress index
OSI is an indicator of the degree of oxidative stress, formulation is as follows: OSI = [TOA(nmol H2O2 Equiv./mg)/TAC(nmol Trolox Equiv./mg)]x100 (12) .
Histopathological assessment
Liver, kidney and lung tissues were put into 10 % formalin solution in paraffi n blocks and prepared by slicing 4-μm sections.
Tissues stained with hematoxylin-eosin and standard protocols were applied.
Hepatic injury was evaluated for severity using an ordinal scale as follows: Grade 0, minimal damage or no damage; Grade 1, mild damage with cytoplasmic vacuolization and nuclear pycnosis; Grade 2, moderate damage with expanded nuclear pycnosis, cytoplasmic hypereosinophilia and loss of intercellular borders; Grade 3, severe damage with hemorrhage, neutrophil infi ltration and severe necrosis with disintegration of the hepatic adheres (13) .
Renal injury was graded as follows: Grade 0, no changes; Grade 1, swelling of tubular cells, loosing of brush edges, nuclear condensation which is showing nuclear looses consisting of onethird of tubular structures; Grade 2, addition to grade 1, nuclear looses ranging from two-thirds of tubular structures; Grade 3, changes including nuclear looses which effect more than twothirds of tubular structures (14) . Lung injury was evaluated using an ordinal scale as follows Grade 0, no damage; Grade 1, mild neutrophil leukocyte infi ltration and mild-moderate interstitial congestion; Grade 2, moderate neutrophil leukocyte infi ltration, perivascular edema formation and disintegration of the pulmonary structure; Grade 3, dense neutrophil leukocyte infi ltration and absolute destruction of pulmonary structure (15) .
Statistical analysis
Statistical analysis was performed by SPSS for Windows 11.5 (SPSS Inc., Chicago, IL, USA). Data were presented as mean (minimum, maximum) values for biochemical values. Groups were compared by using the nonparametric Kruskal-Wallis test. MannWhitney U test was used for binary comparisons. Spearman correlation test was used for evaluation of the relationships of the numerical variables. P value of less than 0.05 were considered signifi cant.
Results
Effects of EA on serum MDA and TAC levels and liver TAC, TOA, OSI levels and histopathological scores induced by hepatic IR
All of the parameters, except OSI, between the sham group and IR group were found to be signifi cantly different (p=0.002 for serum TAC and liver TOA, p<0.001 for serum MDA, liver TAC and histopathological scores). In IR group signifi cantly increased serum MDA and TAC levels, and liver TAC and TOA levels and severe liver injury were found. EA signifi cantly reduced serum MDA levels (p<0.001) (Fig. 1 ). Liver's OSI levels were found to be signifi cantly lower in EA-used groups compared with the non-use EA groups (p<0.05) (Fig. 2) . Although some histological ameliorations were found in EA groups, these histopathological changes were not reached to a statistically signifi cant level (p>0.05) (Fig. 3) . EA had no effect on other parameters ( Table 1) .
Effects of EA on kidney TAC, TOA, OSI levels and histopathological scores induced by hepatic IR
IR signifi cantly increased kidney TAC levels and led to severe kidney injury, but achieved no signifi cant change on kidney TOA and OSI levels (Figs 4 and 5) . Administration of EA did not lead to signifi cant changes of all parameters in the kidney (Tab. 2).
Effects of EA on lung TAC, TOA, OSI levels and histopathological scores induced by hepatic IR
Increased lung TAC levels and moderate lung injury were observed after hepatic IR. But there were no signifi cant changes in lung TOA and OSI levels following IR (Figs 6 and 7) . Ad- ministration of EA had no effect on all studied variables in the lung (Tab. 3).
Discussion
Intraoperative bleeding is a major problem during liver resections and the amount of blood loss has been reported as a main factor associated with morbidity and mortality (16) . Pringle manoeuvere, continuous or intermittent clamping of the hepatoduedonal ligament, is an effective technique which is used for reducing the hemorrhage (17). But using this technique leads to hepatic IR injury and results in structural and functional disturbances in the liver. This method also induces systemic infl ammation (3, 17, 18) . Hepatic IR injury is a complex process accompanied by intracellular signaling pathways, mediators, cells and pathophysiological alterations (3) . There are three main mechanisms associated with the pathophysiological alterations of hepatic IR injury: microcirculatory failure, infl ammatory response and formation of ROS (19) . Especially, the damage is mediated by ROS in the early stage of hepatic IR injury (20) . ROS can induce lipid peroxidation which is related to liver damage caused by IR (21) . When reaching large amounts, they can lead to direct oxidative damage through ironmediated reactions (22) . Therefore, various clinical studies are focused on scavenging and formation of ROS (3).
Due to the effects of scavenging ROS, EA has a strong antioxidant capacity (6) . EA inhibits the formation of ROS in both enzymatic and non-enzymatic systems by chelating divalent cations (23) . It has been reported that EA prevents cell membrane injury by increasing the levels of non-enzymatic antioxidants (Vitamin C and Vitamin E) in tissue (6) . It has also been reported that EA directly infl uences the intracellular regulatory mechanisms by the effects on double-stranded DNA (24) . Thus, we aimed to investigate the effects of EA on hepatic IR injury together with remote organ IR damage.
Increased levels of MDA are an indicator of lipid peroxidation and membrane disintegration as a result of oxidative damage (25, 26) . Takayama et al (27) reported that MDA not only refl ects the level of ROS, but also can show the severity of liver cell damage. In present study, administration of EA signifi cantly decreased the levels of MDA.
The determination of either oxidants or antioxidants activity can give some information about oxidative stress. However, determination of both of them may be more useful to get information about oxidative stress (28) . In the present study, we used TAC which shows antioxidant status and TOA which shows oxidant status. And also we used OSI to evaluate oxidative stress as an indicator of both TAC and TOA (12) . In an animal study, it has been reported that administration of EA prevented injury against cyclosporine A-induced oxidative damage in the liver, because of its protective effects on lipid peroxidation and on the endogenous antioxidant systems (6) . Yuce et al (5) showed the amelioration of cyclosporine A-induced hepatic damage by EA. Additionally, Hwang et al. (29) demonstrated the protective antioxidant effects of EA. In our study, administration of EA was found ineffective on liver TOA and TAC levels. Only OSI was found as signifi cantly lower in EA groups compared with the non-use EA groups. As a result of hepatic IR injury, cytoplasmic vacuolation, focal nuclear pyknosis and loss of intercellular borders with disintegration of hepatic cords were observed in the study groups and these fi ndings were more common in IR group than IR + EA group.
Hepatic IR injury not only damages the liver, but frequently leads to remote organs' injury such as kidney and lung (18, 30, 31) . The development of acute renal failure after major hepatic IR is common (40 -85 %), resulting in high mortality and morbidity in perioperative period (30, 32) . Davis et al (33) have reported that the pathogenesis of kidney damage associated with hepatic IR can be attributed to the portal hypertension induced splanchnic vasodilation with following intrarenal vasoconstriction. This leads to systemic hypotension, upregulation of renin-angiotensin system and results in damage including, renal tubular necrosis and renal dysfunction. As well other mechanism such as systemic infl ammation can lead to the renal damage. However, Polat et al. (34) reported that the renal dysfunction was mild with little or no histolopathological alterations. In our study, hepatic IR injury leads to increasing OSI and moderate signifi cant changes of renal morphology. Administration of EA created no signifi cant changes in the kidney morphology compared to hepatic IR. It has been demonstrated that lung injury can be seen as a result of systemic infl ammation initiated after hepatic IR (35) . During the early phase of hepatic IR injury, ROS leads to activation of Kupffer cells. After this early phase, the formation of proinfl ammatory cytokines including TNF-α increases (36) . Pulmonary microvascular fi eld is the primary target of these cytokines (35) . The increasing levels of TNF-α produce and enhance the pulmonary neutrophil infi ltration and microvasculature injury, resulting in lung injury (37) . In our study, signifi cant moderate changes were seen in lung morphology after hepatic IR. However, there were no positive effects on the lungs with the administration of EA, as an antioxidant and anti-infl ammatory agent. Ota et al (34) demonstrated that ventilation is the main factor of determining lung injury caused by hepatic IR. At the low tidal volume of ventilation, lung injury was not common. Therefore, our fi ndings about the effects of EA on oxidative stress in the lungs can be attributed to the fact that there was no change in ventilation volume between the groups.
Conclusions
In our study, a signifi cant damage caused by hepatic IR injury caused by pringle manoeuvre was found in liver and remote organs, such as kidney and lung. Ellagic acid reduced the liver oxidative stress from ischemia-reperfusion injury. However, no signifi cant histological improvement was found with EA application. Furthermore, there were no signifi cant effects of EA on the remote organ injuries induced by ischemia-reperfusion.
